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This invention relates to 5- * — ^X^^*"*^ 
to novel polyimides having pendant ammonmm carboxylate groups 

to their preparation and use. dielectric coatings on silicon chips. In the 

Polyimides are used in the sem.conductor .ndusfry as d.e.e & phot ocrosslinkable 

conventional process for making the coatings j. j^Jf*^^ » with actinic light to 

ari^SSi 3= " ShSJ^ so,vent and the remaining polyamic acid ,s 

he t? s rond method forming a polyimide ^a^* a ^on of a j 
kable polyimide in an organic solvent is prepared ad spread were not exposed to the 

and the polyimide is crosslink I and ,nsrt . diami ne containing an ethy.enically 
light are then washed away with the solvent, in ootn w pho tocrosslinkable. 
unsaturate group is used as a codings, in the method of this 

While the two hereinabove described prior methods prepar p y ^ contajn ethy)enic 

invention the coating is a oarboxy.ic acid group. Not only 

unsaturation. in this invention d.ammes are used ha corttan ^ djamjnes conta|n(ng 

are carboxylic acid diamines more ^^^ZL as can diamines containing ethylene 
ethylenic unsaturation. but they cannot cross* during ^™ d on tne polyimide are 

unsaturation. After the polyimide * P'ff"^ carboxyiate linkage. The 

20 r ^^^^ L - ■ is exposed to act,n,c 

radiation. . d b the stoichiometric reaction in solution of aromatic 

jars r^sr-^& — ~ - - m usea "** 

25 1 2 5 6-naphthalene tetracarboxylic d.anhydnde; 

1 '45 8-naphthalene tetracarboxylic dianhydr.de; 
2'367-naphthalene tetracarboxylic dianhydnde; < 

2W3M^^ . 
2- 3' 4'-Soxyphenyl) 5,6-dicarboxybenzoxazole M«M 
30 2- 3' 4' dicarboxyphenyl 5,6-dicarboxybenzothiazo.e d.anhydnde, 

2 2' 3 3'-benzophenone tetracarboxylic dianhydnde; 
2',3,3\4'-benzophenone tetracarboxylic fnhydrid* 

3 3 : .4>-benzophenone tetracarboxylic d.anhydnde (BTDA), 
2 2',3.3'-biphenyl tetracarboxylic dianhydnde; 

35 23 3'*4 , -biphenyl tetracarboxylic dianhydnde; 

33 : 4 ^-biphenyl tetracarboxylic dianhydride (BPDA); 

bicycio-[2^2]-octen-(7H 

bis (3,4-dicarboxyphenyl) sulfone dianhydr.de; 

4b bisohenol S bisether dianhydride; /ccnAV 
2 2 SVdicarboxyphenyl) hexafluoropropane d.anhydr,de (6FDA), 

hydroquinone bisether dianhydride; 
bis (3 4-dicarboxyphenyl) methane dianhydnde; 
cyclopentadienyl tetracarboxylic acid dianhydnde; 
50 cyclopentane tetracarboxylic dianhydnde; 
ethylene tetracarboxylic acid dianhydnde; 
perylene 3,4,9,1 0-tetracarboxylic dianhydride; 
pyromellitic dianhydride (PMDA); 

Preferred dianhydrides are BTDA, BPDA pmua. u ■ { djanhydri des are also 
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A polyimidesi.oxane canTprepared by replacing a portion of the '^^^^^ 

tSZ S2£SZ££ZZ Id ,n U.S. Pa« 4.794,53. ^ by and 
include siloxane dianhydrides having the formula 
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where each A is independently selected from an aromatic group, each R is independently selected from 

the source of siloxane (rather than the dianhydride), then it is preferable to use about 5 to about 30 mole/o 
siloxane diamine. The siloxane diamine has a general formula 
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where each Ft, is a diradical independently selected from a substituted or unsubs « tute ^ aliph h ati n C ^°" P 

haTg 1 to 12 cl bon atoms or a substituted or unsubstituted aromatic group having 6 to 1 

having l to . Drefera blv 1 to 20 These diamines are referred to herein by the designation G m . 

Z 10 to abTut oC % of he d amine used to prepare the polyimide. and preferably about 0 to 
100 m e% is a ^ml diamine containing at least one carboxylic acid but 
ilturln. Examples of aromatic carboxylic acid diamines include compounds havng the formula 
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A (COOH), 
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where x is 1. 2. or 3. and is preferably 1. More specifically, examples include compounds having the 
general formula 
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COOH . 




COOH 
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tends to diminish the desirable properties of the polyimide. Examples of such d.am.nes that can be used 
include 

2,4-diaminotoluene (TDA); 
30 2,5-diaminotoluene; 
2,6-diaminotoluene; 
m-xylyl diamine; 
2,4-diamine-5-chlorotoluene; 
2,4-diamine-6-chlorotoluene; 
2,2-bis(4[4-aminophenoxyl]phenyl) propane (BAPP); 
trifluoromethyl-2-4-diaminobenzene; 
m-phenylenediamine; 
p-phenylenediamine; 

2,2 , -bis(4-aminophenyl)-hexafluoropropane (6F diamine); 
40 2,2-bis (4-phenoxy aniline) isopropylidene; 

trifluoromethyl-2,4-diaminobenzene; 

trifluoromethyl-3,5-diaminobenzene; 

2,4 > 6-trimethyl-1,3-diaminobenzene; 

S.^-oxydianiline; 
45 4,4 , -oxydianiline (ODA); 

m.m-methylene dianiline; 

m.m-sulfone dianiline; 

4,4 , -diamino-2 l 2 , -trif!uoromethyl-diphenyloxide; 
S.^-diamino-S.S'-trifluoromethyl diphenyloxide; 
50 4,4 , -trifluoromethyl-2,2 , -diamino biphenyl; 
2,4,6-trimethyl-1,3-diaminobenzene; 
o,m-sulfone dianiline; and 

rSSS are 6F diamine, BAPP, TDA. «, ODA beeeuse .ha, are reaaiiy avai,ab,e ana «* 
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unsaturated amines have the formula 
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crosslinking and better resolution. Examples of tertiary amines include 
25 triallylamine; 

trimethallylamine; 

dimethylallylamine; 

N-allyl-N-methylaniline; 

4-vinyl pyridine; 
30 dimethylaminoethylacrylate; 

dimethylaminoethylmethacrylate; 

diethylaminoethylmethacrylate; and 

diethylaminoethylacrylate. 

Examples of secondary amines include 
35 N-allylaniline; 

N-allyl cyclohexylamine; and 

diallylamine. 

Examples of primary amines include 
allylamine; 
40 amino ethylmethacrylate; 
4-allyl benzylamine; and 
amino ethylacrylate. 

A preferred polyimide ammonium salt has the repeating units 
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ih!.e the polyimide ammonium salt can be cresslinked without a crosslink^ agent t ,s pre mie 
use a crosslinking agent to obtain faster and more complete crosslinking. A composer, is preferably 
prepared of a solution of the polyimide ammonium salt and about 1 to about 30 we,ght% (based on 
Z ^weight)7a crosslinking agent. Suitable crosslinking agents include trimethylo. tnacrylate pen- 
teSt 0 rErJ.ate, pentaeryfhritol tetraacry.ate, pentaerythritol tetramethacry.ate, 1,1 1-tnmethylol- 
pro^e triacnrl, 1,1,1-trimethylolpropane trimethacry.ate. 1,1,1-trimethylolpropane tnmethacrylate 
SaSlene gfyco. diacrylate, and tetraethylene glycol dimethacryate. To incorporate more unsaturated 
bonds into a crosslinking molecule, the following novel crosslinking agents can be used: 



40 



45 



50 



55 



6 



EP 0 547 555 A2 



H 



7| 






IS 



0 CH 2 -CH=CH 2 



- C-N 



C ~CH - CH ^ 



H CH 2 "CH= CH 

is -C-0 N CH 2 -CH= CH 

0 ^CHg -CH* CHg 
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R ? is -CH 2 CH 2 -0-C-C = CH 2 
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Rs is alkyl to Cs, preferably methyl or ethyl, and 

Rs is H or CH3. _ . A c „ nri ft 

The preparation of the above three novel crosslinking agents is g.ven in Examples 4, 5, and o, 

respectively.^ ^ ^ ^ ^ ammonium salt on a substrate, the composition is spread on the 

substrate and the solvent is evaporated. Those portions of the coating that one wishes to remain on he 
substrate are exposed to a actinic radiation (e.g.. ultraviolet light), which crosslinks and msolub.Lzes the 
coa ng The unexposed portions of the coating are washed away with a solvent. While the coatmgs o his 
invention are most suitable for use on semiconductor packaging, they can also be used to coat other 
70 substrates such as ceramic substrates, polymer films, and metals. 
The following examples further illustrate this invention. 
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Example 1 

To a 250 ml. 3 neck round bottom flask equipped with overhead stirrer and a Dean Stark trap was 
added 100 ml N-methyl pyrrolidone. 10 ml toluene, and 14.35 grams oxydiphthalic anhydride. The mixture 
was stirred and 5.64 grams of 3.5-diaminobenzoic acid was added. After stirring for 30 m.nutes 5.01 grams 
of diaminopropyl terminated dimethyl siloxane oligomer having an average repeat unit of 5 (G 5 ) was added. 
The mixture was stirred for 1 hour, 0.38 g of 1 ,4-diazabicyclo[2.2.2.] octane, and 5 ml toluene were added, 
and the mixture was heated to 170'C to remove water and toluene. After 90 minutes, the rraxtur* .was 
cooled to room temperature and poured onto water to precipitate the polymer. The slurry was fitered, the 
polymer reslurried in water, filtered . and dried. The polymer had an inherent viscosity of 0.35 and had 1.62 
milliequivalents (meq) of acid per gram (theoretical value = 1.59 meq/gram). 

25 Example 2 

in similar fashion as Example 1. a polymer was obtained using 9.35 pbw (parts by weight) oxydiphthalic 
anhydride. 3.04 pbw 3.5-diaminoben- zoic acid, and 2.48 pbw 1 ,3-b.s(3-am,nopropyl)-1 ,1,3,3- 
tetramethyldisiloxane-(Gi ). 

30 

Example 3 

In similar fashion as Example 1, a polymer without siloxane groups was prepared using 9.3 pbw 
oxydiphthalic anhydride, and 4.56 pbw 3,5-diaminobenzoic acid. 

35 

Example 4 

A crosslinking agent effective in photosensitive formulations was prepared by completely dissolving 2.2 
g of PMDA in 5 ml of NMP and cooling the solution to 5 to 10«C in an ice bath To the , sc.lut.on was added 
40 dropwise 1.94 g of diallylamine and 3.7 g diethylaminoethyl methacrylate .n 5 ml NMP over 30 to 60 
minutes. The reaction was run for 4 hours. The solution was used in Examples 8 to 13. 17, and 18. 

Example 5 

A crosslinking agent effective in photosensitive formulations was prepared by < pooling 2.2 g of I PMDA 
dissolved in 5 ml of NMP to 5 to 10'C in an ice bath. During a one hour period. 1.94 g of d.allylam.ne and 
2.7 g of triallylamine in 5 ml of NMP were added dropwise. The reaction was run for 4 hours. The solut.on 
was used in Example 14. 

so Example 6 

A crosslinking agent effective in photosensitive formulations was prepared by dissolving 2.2 g PMDA 
and 26 g of hydroxyethylmethacrylate in 5 ml NMP and cooling the solution in an ice bath. To the solution 
was added dropwise 2.7 g of triallylamine in 5 ml NMP over a one hour period and the reacfon was run for 
55 4 hours. The solution was used in Example 15. 
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Examples 7 To 16 

The polymer of Example 1 was dissolved in NMP to obtain a 20 wt% solution. To 2.5 g of this solution 
were added a molar equivalent of unsaturated amine, 0.03 pbw benzophenone, 0.015 pbw Michler s ketone, 
and an optional crosslinking agent. 

Example 17 

The procedure described for Examples 7 - 16 was followed using the polymer prepared in Example 2. 
Example 18 

The procedure described for Examples 7 - 16 was followed using the polymer prepared in Example ,3 
The solutions were spun onto silicon wafers at 1500 rpm, soft baked for 2 to 3 minutes on an 80 - C hoi 

plate, exposed to UV light through a mask for 5 minutes, deve.oped in a 2:1 vokvol NMP:methano. solution, 

and rinsed with isopropanol. The pattern of the mask was observed. 
The following table gives the results of Examples 7 to 18. 
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Example 



7 
8 
9 

10 
11 
12 
13 

14 

15 

16 

17 
18 



Amine 



pbw 



0.151 

0.151 

0.086 
0.112 
0.046 
0.079 
0.128 

0.151 

0.151 

0.151 

0.151 
0.151 



Diethylaminoethyl 

Methacrylate 

Diethylaminoethyl 

Methacrylate 

Vinyl Pyridine 

Triallylamine 

Monoallylamine 

Diallylamine 

Dimethylaminoethyl 

Methacrylate 

Diethylaminoethyl 

Methacrylate 

Diethylaminoethyl 

Methacrylate 



Crosslinker Solution 



pbw 



0.08 

0.08 
0.08 
0.08 
0.08 
0.08 

0.08 

0.08 

0.04 

0.08 



Example 4 

Example 4 
Example 4 
Example 4 
Example 4 
Example 4 

Example 5 

Example 6 

Pentaerythritol 
Tetraacrylate (Solid) 
0.08 

Example 4 



Results 



Pattern Obtained 

Pattern Obtained 

Pattern Obtained 
Pattern Obtained 
Pattern Obtained 
Pattern Obtained 
Pattern Obtained 

Pattern Obtained 

Pattern Obtained 

Pattern Obtained 

Example 4 Pattern Obtained 
Pattern Obtained 



Claims 

45 1 



A polyimide ammonium salt comprising the reaction product of 

(A) an aromatic polyimide having pendant carboxylic acid groups, said poly.mide comprising the 
reaction product of diamine and aromatic dianhydride, where said diamine comprises aromatic 
carboxylic acid diamine having at least one carboxylic acid group; and 

(B) an ethylenically unsaturated amine. 

50 2. A polymide ammonium salt according to Claim 1 wherein said aromatic dianhydride is selected from 
the group consisting of oxydiphthalic anhydride, pyromellitic dianhydride, 2 2 -bis M***** 
yphenyl) hexafluoropropane dianhydride, 3.3-.4.4 1 -benzophenone tetracarboxylic dianhydride. 3,3 ,4,4- 
biphenyl tetracarboxylic dianhydride, and mixtures thereof. 

55 3. A polyimide ammonium salt according to Claim 1 wherein about 10 to 50 mole% of said aromatic 
dianhydride is an aromatic dianhydride that contains silicone. 
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4. A polyimide ammonium saT^ccording to Claim 1 wherein about 5 to about 30 mole% of said diamine 
is a diamine that contains silicone. 

5. A polyimide ammonium salt according to Claim 1 wherein said ethylenically unsaturated amine is a 
tertiary amine. 

6. A polyimide ammonium salt according to Claim 5 wherein said tertiary amine has three ethylenically 
unsaturated groups. 



w 7. 



A polyimide ammonium salt according to Claim 6 wherein said tertiary amine is triallylamine. 
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8. A polyimide ammonium salt according to Claim 1 wherein about 10 to about 100 mole % of said 
diamine is said aromatic carboxylic acid diamine. 

9. A polyimide ammonium salt according to Claim 1 wherein said aromatic carboxylic acid diamine has 
the formula 

NH 

2 ^A - (C00H) x 
NH 2^ 



25 



where x is 1, 2, or 3. 

10. A polyimide ammonium salt according to Claim 9 wherein x is 1. 

30 11. A polyimide ammonium salt according to Claim 10 wherein said aromatic carboxylic acid diamine has 
the formula 



35 




40 

12. A polyimide ammonium salt according to Claim 11 wherein said aromatic carboxylic acid diamine is 
3,5-diaminobenzoic acid. 

13. A polyimide ammonium salt according to Claim 9 wherein said aromatic carboxylic acid diamine has 
the formula 



50 




COOH 



55 

where R 2 is H or COOH. 
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14. A polyimide ammonium salt according to Claim 9 wherein said aromatic carboxylic acid diamine has 
the formula 



NH 



H 2 N 




2 
OOH 
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where R 2 is H or COOH and B is CO, S0 2 , S. C(CH 3 )2, C(CF 3 )2. or CH 2 . 

15. A polyimide ammonium salt according to Claim 1 wherein said diamine includes up to 80 mole % of an 
aromatic diamine that does not contain silicone and does not have a carboxylic acid group. 

16. A polyimide ammonium salt having the repeating units 
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where each A is independently selected from an aromatic group, each R is independently selected 
from alkyl to C 8 , alkenyl to C, and aryl to C 10 , each R, is a diradical independently selected from a 
substituted or unsubstituted aliphatic group having 1 to 12 carbon atoms or a substituted or unsub- 
stituted aromatic group having 6 to 10 carbon atoms, R 3 is an ethylenically unsaturated group, FU is 
R,, hydrocarbon, or hydrogen, m is 1 to 200, and y is 5 to 30 mole% of y + z. 

17. A polyimide ammonium salt recording to Claim 16 wherein R, is (CH 2 ) 3 , R is CH 3 , and m is 1 to 20. 

18. A method of making a polyimide ammonium salt comprising 

55 (A) preparing a polyimide having pendant carboxylic acid groups by reacting aromatic d.anhydr.de 

with diamine, where said diamine comprises a carboxylic acid diamine having at least one carboxylic 
acid group; 

(B) reacting said pendant carboxylic acid groups with an ethylenically unsaturated amine. 
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19. A method according to Claim 18 wherein said polyimide ammonium salt contains the repeating units 
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where each A is independently selected from an aromatic group, and each R is independently selected 
from alky I to C 8 , alkenyl to ft. and aryl to Go. Ri is a diradicai independently selected from a 
substituted or unsubstituted aliphatic group having 1 to 12 carbon atoms or a substituted or unsub- 
stituted aromatic group having 6 to 10 carbon atoms, R 3 is an ethylenically unsaturated group, R* is 
Ra, hydrocarbon, or hydrogen, m is 0 to 200, and y is 5 to 30 mole% of y + z. 

20. A composition comprising a solution of a polyimide ammonium salt in an organic solvent and about 1 to 
about 30 wt% of a crosslinking agent. 

21. A method of coating a substrate with a polyimide ammonium salt comprising 

(A) forming a composition of a polyimide ammonium salt according to Claim 19; 

(B) spreading said composition on said substrate; 

(C) evaporating said solvent to form a coating; 

(D) exposing at least some of said coating to actinic radiation to crosslink and msolubiiize the 
portions so exposed; and 

(E) washing the unexposed portions away by dissolving them in an organic solvent. 

22. The compounds 
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X CH 2 "CH=CH 2 

H CHU-CH-CH 

I — 
\ 



r is . C . 0 Q©^CH.-CH« CH 
6 ii 



XH 2 -CH=CH 2 



xs 



0 R 
II I 

-CH^CH.-O-C-C = CH. 
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Ra is alkyl to C 8 , preferably methyl or ethyl, and 
R 9 is H or CH 3 . 
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© Disclosed is a polyimide ammonium salt com- 
prising the reaction product of an ethylenically un- 
saturated amine with an aromatic polyimide having 
pendant carboxylic acid groups, said polyimide com- 
prising the reaction product of diamine and aromatic 
dianhydride, where the diamine comprises an ar- 
omatic carboxylic acid diamine having at least one 
carboxylic acid. A substrate can be coated with the 
polyimide ammonium salt by forming a composition 
of a crosslinking agent and a solution of the 
polyimide salt in an organic solvent, spreading the 
composition on the substrate, evaporating the sol- 
vent to form a coating, exposing at least some of the 
coating to actinic radiation to crosslink and in- 
solubilize the exposed portions of the coating, and 
washing the unexposed portions away by dissolving 
them in an organic solvent. 
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